1 In case of SAR, there are many different kind of images including amplitude, intensity and complex etc. Although, the complex data crosscorrelation in frequency domain with phase contribution includes more information compared to intensity/amplitude cross-correlation techniques, due to the low coherent area caused from discontinuous glacier motion, intensity cross-correlation is applied. 
I. INTRODUCTION
Determination of glacier flows by radars has been an establishment technique. The conventional method of glacier velocity measurement is to use interferometry in which the unwrapped repeat-pass interferometric phase is used. The main disadvantage of this technique is that if the velocity of glacier is too much, the extraction of qualified phase (fringe) becomes very difficult. An alternative method is to find track offsets between images [1] , [2] . However, in previous studies, the performance of speckle tracking which depends on the relationship between the patch size of crosscorrelation and that of the object scale hasn't been taken into account.
In this paper, the novel technique to increase robustness is discussed. Firstly, a little information about cross-correlation is taken place. After this, the new relaxation function is proposed following its accuracy discussion. Lastly, for increasing the robustness, multiscale approach is explained. Experimental results are discussed in section IV whereas conclusions are drawn in section V.
II. VELOCITY MODELLING INDEPENDENT OF SCALE

A. Initial values for robust estimation:cross correlation
Subpixel cross-correlation techniques allow to measure track offsets both in azimuth and range direction. After the pre-coregistration step, an intensity cross-correlation between interferometric pair 1 images can start.
Confidence in the offset estimate is measured by the ratio between the height of the correlation peak related to the mean value of correlation and the mean value of correlation related to the minimum of cross-correlation to supply a signal to noise ratio (SNR) of intensity-tracking. This quality assessment has the form of
where cc shows the value of cross-correlation. Although, in [2] , [3] , the normalized value of cc are directly used as a initial probability value for relaxation labelling, it is not clear that γ' can be evaluated as a probability. Because of this, in this work, the normalised value of γ' are affirmed as a weights. 
B. Relaxation on labelling with neighbourhood assumption
The aim of relaxation algorithms detailed in [2] and [3] is to achieve a label at every pixel that it agrees with the direction and magnitude of a vector computed from information in a spatial neighbourhood of finite extent surroundings of that pixel. A label is the description of a information with some amount of probability. With the help of relaxation, the label information of a pixel is updated with the aim of describing the most robust information using probability updating. Here, an object is a feature point (glacier) and a label is a possible displacement vector assigned with a set of uncertain labels ) , ( , the distance between these two vectors should be zero. In accordance with this assumption, the distance function could be redefined with the aim of relaxation labeling. Regarding the aim, the vector information at pixel ) , ( 
Then, with the spatial smoothness constraint K (distance between neighborhood pixels positions), the correction equation (2) 
After defining the relaxation function with Taylor series, minimization of errors is applied to function by taking into account all neighbourhood displacement vector and their weights. With the aim of relaxation, there are N (number of neighbourhood pixel) functions and M (M=2xN ) vectors for one pixel. Then, the comparability coefficient matrix A has NxM dimension, however, here, only the displacement vector at i is updated based on its neighborhood pixels j, j=1,2,3… .Then, the correction of neighborhood displacement vectors are zero ( 0 , 0
) and it makes the coefficient matrix A, Nx2 dimension. 
The weights of the comparability coefficient matrix w ij between pixel i and its neighborhood j are calculated considering (1) which is inverse proportional to the standard deviation of the candidate vectors:
, C is the covariance matrix of functions.
0 γ is any constant that is used to define the relationship of quality assessment between different scale crosscorrelations. In the present paper, it was selected as the maximum value of ' γ through whole scales. By this weighting the high weight vectors saved even they are not supported from their neighborhood.
C. Evaulation of proposed approach
The main advantages of the proposed vector relaxation function are that the magnitude and the direction of velocity vectors are evaluated together by considering the standard deviation of vectors and vectors' (labels) value can be updated, which is not taken into account in literature.
In this approach, after the nth iteration (after stopping the process), the factor of
indicates the standard deviation of updated vectors that it helps to define the new standard deviation of vectors related to local image properties (see also Fig. 3 ). The vector value updating using a window continues since the standard deviation converged. Here, the window that adaptively changes its size is mentioned as a iteration.
III. INFORMATION PROPOGATION BETWEEN SCALES
A. Definition of dicretescale-space Scale-space studies are commonly used in edgedetection and classification applications. The main idea is that the scale space of an image is defined as a function U(x,y,t), that is obtained from the convolution of variablescale Gaussian, G(x,y,t), with an input image U(x,y):
Equivalently, U(x,y,t) can be defined as the solution of heat diffusion equation [4] :
where λ is physical constant called diffusivity showed the amount of prorogation.
It is not easy to transfer given a scale-space representation to point based cross-correlation. Firstly, to compute a complete multiscale cross-correlation, the curvature estimation for each pixel point at each scale must be defined. However, in case of cross-correlation, it is very difficult to define the curvature of samples through the scales where there is a differential shift of samples between two SAR images. An other problem is that, smoothing process often eliminates the some trustable information based on isotropic diffusion. However, in discontinuous fast glacier movement, the adjacent pixels can be very different based on glacier surface. Therefore, Gaussian smoothers are very sensible to outliers
B. Discrete scale-space in case of cross-correlation
The heat equation (6) is used for the estimation of the propagation of information between different scales t via taking into account the spatial position in a discrete 2D grid. The magnitude of λ defines the propagation between different scales, or in other words λ is scale of feature weights. However, as discussed above, the classical multiscale approach couldn't be applied to two different SAR images if the one of the signal is shifted based on surface movement. This makes the optimum scale definition very hard. For example, the homogeneous feature in the first image can be disappear in the second image. Therefore, a different approach based on local statistics operator on neighbourhood is proposed. Then, the patch size of the cross-correlation is defined as a discrete scale parameter. In case of speckle tracking, it can be evaluated using crosscorrelation of muktilooked radar intensities based on local image properties. To apply the concepts of scale-space for cross-correlation, the energy based value (1) (λ = γ') used as a discrete scale parameter. Integrating (6) respect to scale t, gives the relationship between the scale t and the propagation:
Using the scale definition, the upper scale crosscorrelation window size is re -defined as follows:
where 0 M is the initial patch size at any direction in crosscorrelation. Here, the rather slowly increased patch size causes resolution decrease at cross-correlation image due to the scale-space parameter λ.
C. Diffusion stop decision
By the means of multiscale cross-correlation, the discrete scale factor changes from pixel to pixel. It makes the speckle-tracking very robust and causes that if the crosscorrelation confidence is good enough for any sample, this sample hasn't iterated again. After some iterations, it is expected that whole samples reach enough confidence, which has not taken into account before.
The diffusion stop decision has been taken by the use of the mean absolute error calculation between two adjacent scale confidence value:
where − t t and λ λ are the iterated confidence values of the cross-correlation vectors at any time t and its mean value, respectively, and N x and N y are the number of samples in range and azimuth direction at the processed image, respectively.
(9) convergences quickly based on increased λ (see Fig.  3 ). This is expected because the multiscale processing works considering local statistic properties, and this makes multiscale process an easily converged approach compared to one scale processing, with the gain of robustness.
IV. EXPERIMENTAL RESULTS
The algorithm was tested on real ENVISAT-ASAR data, captured during summer 2004 (July, August) over the Inyltshik glacier in Kyrgyzstan, representing one of the largest alpine glaciers systems of the world. The initial intensity tracking was applied to SAR data with the patch size of 32x128 corresponding 129m in the azimuth, and 2593m in the ground range direction.
The multiscale cross-correlation is applied to whole data and after four iteration the multiscale approach was converged. After the stop decision, the proposed relaxation technique as explained in section II-B was applied to crosscorrelation candidate vectors. As shown in Fig. 1 , the noise effect in cross-correlation is eliminated by relaxation process. Showing the robustness of relaxation process, the coarser scale results were also showed. Based on Fig.1 , the relaxation process can be applied successfully independent of scale: relaxation process makes the cross-correlation results homogeneous through whole scale but with not enough confidence. Using multiscale cross-correlation eliminates this effect and increase the confidence. Then, at the end, the robust and homogeneous velocity vector through the glacier was obtained. Additionally, it can be easily seen that relaxation process was very successfully applied in two areas: the first area is the coherent area and the second is the center of glacier. However, in glacier boundaries and the upward curve area, standard deviation increases rather slowly (see Fig. 2 ). In addition, by means of relaxation process, it can easily be detected that the middle of the glacier moves so fast compared to its surroundings that it couldn't be realized by means of the stable patch size cross correlation. This gained information from the relaxation process was also supported by a slope map.
In relaxation, increasing window size converges after some iterations. During the relaxation process, the maximum window size (~iteration) of 29x29 was used as a neighbourhood. The decrease of iteration and standard deviation can easily be realized at Fig. 3 related to the increment in patch size based on scale. The patch size calculation as explained in section III decreases the standard deviation as the scale increases. However, this gain cant be possible with only using the stable patch size for whole image because the robust estimation of the local image is directly related to the presence of identical features in both images which are agree with the applied patch sizes. To overcome this limitations the anisotropic diffusion definition is used for the calculation of the coming patch size. By this way, increasing scale supplies decreasing standard deviation approximately through the whole image. In the presented study, after four scale iteration, the diffusion was converged based on (9). However, based on the experiences, it is clear that increasing the patch size with stable factor can not always supply decreasing standard deviation in case of intensity crosscorrelation especially for fast and discontinuous movement analysis (see fig. 4 
V. CONCLUSIONS
The relaxation and mutltiscale approach are explained with the aim of increasing the accuracy of incoherent crosscorrelation of SAR data. Considering different scale information based on local image properties gives the most robust result with the decreased standard deviation. The method utilizes principles previously presented with regard to cross-correlation relaxation labelling process, but differs in that; 1-the label set is now changeable, 2-the relaxation window changes at every pixel at every scale based on local statistics information, 3-the standard deviation of a updated vector can also be obtained and 4-the initial patch size which is too sensitive to mismatch is updated by multiscale cross-correlation approach.
Although, the increase of robustness is shown by relaxation and diffusion definition, the feature based (e.g. using characteristic of speckle) cross-correlation is planned for future studies to make the clear the optimum patch size (related to optimum scale) for speckle tracking.
It will be shown, that already with the relatively low spatial resolution of ENVISAT, the achieved velocity accuracy is sufficient for monitoring moderately discontinuity glacier flows. Recent development of SAR technologies will supply much higher spatial resolution in near future, which will further enhance the precision of the proposed approach.
